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(57) Abstract: When a reformed gas 
to be supplied to the hydrogen pole 
of a solid polymer fuel cell (1) and air 
to be supplied to the oxygen pole are 
humidified to an almost vapor saturation 
condition, heating for obtaining the 
vapor is not needed to enhance a thermal 
efficiency of a fuel cell system. For that 
purpose, vapor contained in a hydrogen 
pole exhaust gas exhausted from the 
hydrogen pole of a fuel cell ( 1 ) is passed 
through a vapor permeable membrane 
(34) and supplied to air introduced 
to a partial oxidation reforming unit 
(6), and vapor contained in an oxygen 
pole exhaust gas exhausted from the 
oxygen pole is passed through the vapor 
permeable membrane (34) and supplied 
to air supplied to the oxygen pole of the 
cell(l). 
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^i~^4^^gp (2 i) ~ (24) izmmzti, ?(D'mz^-i-m&mi® (2 

5) £S1T*>^ (2 2) l;M^ 0 

my (28) i?^otta^nrz^t^%m^mm (29) com 1 ^miiss 

(2 9a) S^bT«S«m?lb (1) ©iliCil&^nSo 

Jgl*4;tf*#&g2lg (4) CAD, *©IB«Lg& (5) T-f^fi£#£|&££ 

zvmmjsziz, ±.m?uT (2 8) *p£fS2#«^ui8& (29b) 
as (13) iz&vy^mzntzmzn^Mitvmu (6) c^au -©gp^^b^M 
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^02£K#X&±f3fm#*mSI5 (13) &mxmmEifoffi (7) izm<b 

ti, z<Di$ftm<b&Mffi (6) fr£gfi££jfogfl (7) (z^^ns^**^©^^±i2 
^^-^^M (13) &t>i&4^&^ (2 4) o^n^nnjJix^n. 

4 f&^M* (24) I- «k •) EUK<* i 0 Tk^P^ft^ ti S o 

s is ecafcst^^co ^7 hsjtst:«fc ofs^^n. z.<D$cmJ3xi± 

COIWM^ (8) IdgyS^tU ^©COIMfbM^ (8) C#A£ftS 
BU^^3^!lr^mMSS (2 9 c) fc: <k *) £t$n£ tifc^fl tfaWB K iB£r £ 

n-So ^ut, ±iBtfefiKsiiBgp (7) ^f,cojg^^bsiiSgp (8) tzmztiz&m 
nxcDffo&m 2 (22) £ «t t> miR^ n> c^mitx^tct t)7j<##n^£*i£o 

±HBCOI«bra (8) tC«^nfei»K^^H: N *©CO&iR& 

<a«£iv £©afeSS#;*«:*R*4s&*i& (i) ©jfc3fc®t{ftt&£nSo ±fBCOM?gHt 

HJfogfl ( 8 ) CTC O jSU*fbR]fofc J; 0 ^ IstzR&ntk&n 2 *fc£&SB (22) C 
£tK iifcCOailRKfbSJfcgP (8) fr£»Mivtil (1) £.mc>tiZ&n-HX<DMW 

s§ o) ^v>bT7jc^w**^fflM--^ (2) e. ztzmmmfrzmiuztizmmm 
mxx&mmmmfsxm.& (io) ^^uxi^w^^ffl^"-^ (3) ic^n^-n 

±SB«R#4mm (i) ©7Km^^^^m^ns7j<mM^**xhs^^A^f#m^n§ 

(DfgUnM (3 2), (3 3) £ < fcD*n*ft^tt£*&MS& (2 9) ©SB 2 

msss (2 9b) ^(D^m,tm i tm^vmm (2 9a) ^o^m^tci'^^n^o 
o£»k cn^aii ansae (32) , (33) &M7kW.omfr%te&*&S\ l mmm 
(34) %ffi?LXjoK>, ymmm^^Rzrmmmmii^^^n^yKmsit^mAm 
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nmmm (34) %mMLxfr&£%mm (29b) , (2 9a) n<D&&mz&ki& 

^UT, 1.MW, 1 iPffiSB (3 2) , (3 3) £ £ 0 ^fuSiSJIS (34) SMSiU 

fczk^m^^^nfcj!jn?i^m{3^b, ^f,ci2wa5 (3 6) , (37) tc*^ 
xmmu&frz<D&M%ifiimz i DtiTtiam$nZo -r z.tit>&2i)um$ (3 
6) , (37) &m*&(D&ftnmfrbtezjkm%T&mm (3 8) *mz.x&*). m 

fte^fil^ (2 0) rtCDjP^STK^TkaSmiSiaJK (3 8) T^^b&#e>^©*^m# 
Tk^msam (38) £j§^ bT^Hrfc^miii® (29b), (29a) ft<D&&%£L 

iiiPbT0U&£ftSo 

M^^ffliJSfllJaM (3 2) iz&^TTkMMi&mn (3 4) $iibti2M5 
milSS (2 9b) \*KD&m,izm&£tl2>(DX\ -07k^M^m^^t3gp^^bB^ 
SB (6) tUP^^nS^fciiJScDx *©6B#&<b&HgP (6) , gffcSJftglS (8) JSl 

vcomiRmitKfoffi (8) ^7>bx^i4mvife (i) (DTkmmizmxztizmHmm, 
mi3>^<Dmmmm^7,iz^^n^m%^mmmmisxBimiMm^ (33) n^o 

±H3fg2#il!$£mMS& (2 9b) rt©^ttft*&^nS7k^mH:«R»« 

vtfe (1) <D7km&&%x^£tiz>&M%'C8>*). mmnm d) ©&asffi^©3?m 
t:fifc*&^ns7K^mt±^«R*ni?6 (1) (DmmmiiJxiz^znzTkMm.T-fozcDX', 
±mmmmm (i) ©zK^ffi^oKK^^svK^ffi^o^ms^n-enjps-rs* 

&tz. tt&kmmm-Hxmmitomffi 02) \z^x7^mm^^z^n^ 
mmz£*)tom£fttz&%&. 7kmmm-ti7>mm2imm& (3 6) iz^xmmuyk 
&&m%&mm (3 8) \zx*)m.m^^tz^m%^^*). ^tzmmmmisxmmim 
Mffi (33) &£^xmm&&tiz£^£nz&M%<z&btom£titzQ%&. mm 
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«#*fiJ!E2MgB (3 7) £43^Tin&Szk£zks&£u85Sffll (3 8) lz£K>mM 

n<tt)x wMmm (i) ©^^^i&bfct^-tf^s «s*4«m (i) ^(D&mJsxR 

MM (3 2), (3 6) fc&3fcffi##;*ffllCDff§ 1 St>*S6 2 JnfflSB (33), (3 

7) (i) t-i&mzmi-btiT^zcDr^ MSi^^rAwe 

n>yi^ h&^ii(z-r£-h2> s T"££o bfrfc. -t§3Sg 2 fluSSP ( 3 6 ) , ( 3 7) 
(H»'J2) 

gp (3 6) , (37) &mmnm (i) #ttfct9tf*T^s©ic*iu *n^*«s 
2iDis (3 6) , (3 7) li^tniMti (i) £t£mmzmtft>tiT^z> 0 

£tz, tfSJzMftl&^H (1 6) KiiJttSflim^aiSR (2 0) (iloh^tit^So £ 

^©mm^^P (20) tmim&mv (21) h^^Moisft (1 8) 

(3(i7j<mM^^^ffliJ^^W7JXffliJCDm2Mg(5 ( 3 6) , ( 3 7 ) tz*tl*tl 

B^tr 1 M<Dmmm&M& u 1) , (4 n &&mzfrffi&mt<nxio*), cn&m 

2ifflSgB ( 3 6), (3 7) M&^T. ^tK^^S (16) ©M/fl/kiM (4 
1) rt©i&7k£*3&fu£3BlISI (3 8) (3 «fc D jI3®£i±T7K^m£#J&£-fc!\ ^©tK^ 

mxxmcD® 2mm& (36), (3?) ^*<u mmmm on 1 2hi*ssb 
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02) , (3 3) ©*rei»ric^fcfc©TfcSo z&mmm&m^ m2jmmfsn o 
6) , (37) ifite^ftisv. mmmm. (i) ©^©^ai^o^^^s^M© 

JDS^c^i^TT^S^ €(0f&(3O^Tttf(|ifc#iJl ^^©ftffl^^^nSo 
0 7ttHJSiW4*^U ±HB^»JTii, TK^W^^ffliJ^ 1 »n?igP (3 2) t 

£^T$mfM (i) ©7k*^^^*©7k^^,*2ic^M3sajgi (34) &mm$& 
t, gp^KYbatiisp (6) tiA^ns^cMtsi^tut^sotwu * 

<27j<^m£Sl5#SHb&flgfl (6) C#X^ns^mi:J^*4*^fc©®-&^fc:^*&-r 

•ttet>*>. z<Dnmmx~iZs ±mmmm3(Dmm m6^m) iz&^x, 

( 2 9 ) (OB 2 (29b) T^&l^$#fcg|S#iKtefcK8fl ( 6 ) 

t©Rg©^*r^iiK (i i) #xmmmuxmmiiiQm& 02) sassj^fciB 

SSftT*?^ £©*SRffi&#:*ffl!imflOS8IS (3 2) tC:fc^Ts ^ftm (1) © 
Tk^^^OTk^MW^d^^n^Tk^m^Tk^m^jiM (3 4) £«fc *)3g5©£-tf- 
Tn gB#$Hb&KgB (6) C#A^*iS^flhm*4^fc©S^xtc«j&-rs«J:^ 
CbT^So tot, d©^Ji§^JT-^±IB^»J3 tlHlfilOf^ffl^&ll-rsch^ 

(H»'J5) 

(4) fcbTSB^^bafeTO (6) *fig^fc*)©SfflV^T^5©K:*fU CCDgP^i! 
fb&KgB (6) tcf^^T*^mafeWSBSI9:W"fe*)©'T?S>5o 

■T&t>t>> ^flSS^JT-tt, IftffigB (5) fcgjftEjfaSS (8) fcCDlSfcTkl&mafcK 
SB (4 3) #jt^JC&ifo*fftTl^3o ^mi^iiSS (2 9) 2 

SfuiBS (2 9b) ttt&W^tiT^&^o ^^>C. ffim*>7 (19) T»!t{l!'J<E>M 
7j<M8§ (18) l±il &tf£ 2 ©^HfokilffS (18a), (18b) fc^Mfc^tu SH 

1^7kffi£S (18a) (Dm^izltmm^W^ (20) ^OTSSflltliltS^- 

^aunMs (25) tmzmzn, mi^-^mm (i8a) ©T^sat±*^>^ 

(17) 0®iRgB£$^£;h,T^3o 2 tfUfokilSS (18b) ©jfc^CfcJJI 

i ~~m 3 &&&& (2i) ~ (23) mmzn, m 2 nm^im ( 1 8 b ) ©t^ 
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mtwMiJxmm (ii) izmmtftiTist), K&m® (5) -cmnf&ft&fa&ztitc 

mffi (4 3) izmm^TTkmv vj-te&mjsxizzmi,. z.<D&mux&&f&&.foffi 
(8) £ew&-rsj; -5 ^ So 

(44) {±±§s^ai7KMi^ (is) ©f6 2^«E7k)iBi» (i8b) ^(Dmm&t&m 
m&fjgp (4 3) ^©p^©jjjm#xM§ (ii) izmv^ntzWMisx^mffir^ ?k 
m%.&nt» (43) T"^f&£ntz&mjsx%ttffl^T^(Dmm*®mT2>££i)iz^ 
?o)®)&vtzm?Mz&t)^ 7mM&m3 (43) tc^^nsm^^xaiK (1 1) 
ftcDmmn * s^K*f & * So 

^Utv &M$SK (4) cDTk^W^^ffiijm linSSP (3 2) lz&UT&, ±H3JK 
(5) fr6>7MKftafcK8B (4 3) K:«EiiSJ^#4*^t:*fU Tk^M^x^cDzk 
MM^zK^migagM (3 4) tckDlMtT^t^i^tibt^^o *©ti!ifcfc± 

zwmmmiz&^xte, ism® (5) T'^^«i$n/z^^^^^^7Kiin 

(1 8) ©fg2#iI£7j<MS& (18b) *p e>2k#fln;t *>ttT2fc3&mafc£l» (4 3) lz 

^-©afce**^t±7KiS!tmE&Kgi5 (43) ^e>^s*&gu (8) izgy&^nso ?lt, 

rMgrs 02) (z*5v>tx «s*4^?fe (i) <D7kmmmux ^(D7kmM^7kMm.mmm 
(34) ^ig3SbT«i&^nSo «toT, z<Dmffi.mizjo^x&±tmmm4 tmm 

(HM 6 ) 

in 9 6 ±ibh»j 5 t-&, flwm 1 aossp 02) ^ 

*J^TMmm (1) ^^CD7K^«**X4'CD7K^m^^*4±r^il^ (11) F*3CD/m 

naxiz^ ztzmmm&xxmmitomM (33) i3^T»^m (i) fr^nm 
mm-tfx^(D7km%&BMnm. (1) ©^^©^iti^n-eti^bT^s© 
£*tu mz^ &m&&iJxM%i)mm& (32) iz^rram^ (i) 

lJnSeiJ (3 3) tiHMMH (1) ^^©^«M^X^®7K^M^i^^*-X 
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(fSJfc0l7) 

?M£fS (3 2) ££i^T»^?fe (1) ^^^TRIgW^^tf^TK^m^, gfl#SHb& 

esb (6) tzm\£tiz&^. ztzmmmwiJxmmimmffi (33) k^tj** 
mmm (i) *»f>©Kmi®»^^*©*^*«R*4«?fe (1) ©k^^c^k* 

i^irn (1) ^^©TK^M^^^^^TK^ms^mm (1) (Dmmm.^cD'^m.iz^ 
suzmmmm-ttzmmimm® (33) c^^tMti (i) frzammmrnxx 



SglinSSB (3 3) (cj3^T«&*4^ife (1) fi^(DmmmWJiXtp(D 

ct^o sfc. Ainmmmi (ai#i) t^^^*©*^^^® 
•?2>7kmmmjjzmm2tinm?$ (3 6) siaiwsci^^-ctso 
(0ii±ofijfflnrfifei4) 
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1. m^^^^^^mmm^A,^mm^tirz7KmmRVFmmm(Do-tD, ±ib 
(i) c*fu (i) *»e»*m$ns**^t:^*ns7k^m*7K^ 

M^jifll (3 4) (CJ: D3S3a<*-&T<J>&< fcfc±BBafcK^fS (4) 

I3#tij&-f 5M3M£ (3 1) StSW-fccfc*iRf«2:"rs«R«*7lbfflliDS^Bo 

2. &n^& (4) fciu J^*4#*-fr£&#ffifc£^*rK]i&fc«fc DtK^U 
'^^*^-rSfiP^K<b3StWSB (6) £*?-£CLfc£^«fcT5ig#i0 113*6© 

3. (3 1) B\ ttSttftife (1) ©7klRffi*»6*til^iiS7K5Sfli^^^K: 
^*nSzK^*7lC3KMaaJK (3 4), (3 8) fc:«fc»)i8jS<*-eT\ gp^ggfb 

4. &f5^f& (4) i± N j^tttf;* a* •j/kmu -yf^TO^^ws 



5. jpffl^© (3 1) «ms?fe (i) ©TKm^^^^ttj^ti^TRmM^"^^ 
^snsTK^m^TK^mig^m (34) fcu^ssa^-ti-r. 7K^m^K^ (4 

6 . flniS*© (31) J±> 7K*M^*X©7jc^mc J: 0 ^iXtt**^ ^M.-f 
ljinSgP (3 2) i:. ^1W95 (3 2) ■cAnS£ttfc3?£iXt±:tf*£x fln& 
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U7k&?kM%mmm (3 8) *)j&t®£ &*)immtz$&2tiam& 

( 3 6 ) £ *Mz_T (,> S c £ *$fWL£tZ>m&m 3 Xfcfc 5 (cgBlR©*R^«?lbfflSn 

7. j&os^e (3i) ^msm (i) (Dmmmft^mihznzmmmmjjxiz 

$3LtiZ&M&&jkmH&j&l& (3 4) fc<fc ^31£H*T&mS?fe (1) ^om 

m$%tfx£m&?z&5£m&£tox^zz£*ttm£?zm#i%2~6<D^ 

8 . (31) fcfc N mm&&iJX<D&m%lz «t D £MI.-f Slfl l MSA 

(33) ^ x ^i*nsas (3 3) xmm^titzij^^ mm&Tkzjkmn.mm 

m (3 8) t J; il^ t feTkl^t i DJfll 1 5 ^ 2 J)DS» (3 7) £*$&*. 
9. ioS^S (3 1) fcfc. l^ii ( 1) <3DK*ffi^e,t*iB*iiSKlRffi*^tz: 

^£n%7kM%*7kM%mmm (34) ctoajfi^^T, ffu^K^&wgp 
(6) izmxztiz&M. jL&&%£mnx*£<DM'&i!szizm&?2>&*>tzffi 
f&gnx^zz£%!&m£T2> mmm 2 mmvmmnmm mmmmo 

1 0. jpm^s (3i) (i) ©KHiffi^^^m^nsKiRffi^*^ 

tc^^n^TK^m^^m^n (34) d^o^^-trr, zksfcm&saB (4 
3) \zm\$nzmn#z£m&?z&?izmf&£tox\,*zz £%&&£? 

1 1. iidsm (31) mmmmiJX(D7kMmz£ &£mxtt#*&j&ps?-5 

IgliOSSIJ (3 3) fc N ^UPSaJ (3 3) T*JPS^nfc^Xtt5t/^*s *P 
*&iBzlc£zk»£fw8SB]gi (3 8) tci t)i83a^'&fc7K^mt:Ji»)iPS-rs^2SpS 
pR (3 7) fc*i»^TV>Sclfc&^afct-SIS^Jl9Xttl OtgB«©*S«Sffe 
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i 2. imm&& (3D its mmmm (i) (DT^mmi^hm^n^mmm^^ 
\z^n&7km%**mimm% (3 4) iz^smMz^x. mnmm m ^ 
(omm^m %>&o izmmznx^ z^t m&m 9 ~ i 

l 3. m-ims (3D bu 7R^@f#^^©7KMm^ct t>#*£flnffi-r£S§ i»o*s 
gp (3 2) ^tf§iMS£fl (3 2) -efinii^ttfctf**. j&na&ifizkfcTksS^I 

51§l (3 8) lz£ O^a^-frfcTlc^m^J: t)iPffl-r5®2*n®SP (3 6) 

x. t ^ -s c t^mt -r&mMm 1 2fB«o«s#4S?ibffl»os^So 

14. Um^& (3 1) tf«R3|BHgm (1) fc-Wtttt^^T^^^ii^^fi: 
TZffiM&3. 5, 7. 9, 1 0 Xtt 1 2 Kig3lRO«S*4«^ffliinS^Bo 

1 5 . mm&& (3D o^m i 2 02), (33), (36), 
(37) ftWMnm (i) h-ikW)izmj-t>ti, 

mmuM±mnmm ( 1 ) (D^m-^^> z>^t &&wl mx.® 6,8,1 
1 xfct 1 3 izmM<DWMmmm))immw.o 

16. M^f£ (3 1) <7>& 1 2 ira&SB (3 2) , ( 3 3), ( 3 6), 

(37) 5&s«R*4S?6 ( i ) t.mikizmirt>n. 
fimuM±taL*&%;¥& (i 6) <om<>-e*>zztitttWt.£?2>m&mG, 8, 

1 1XH13 {ciB«©«R«S?feffllraSHSo 

i 7 . #^^(c^^ns7K^m^^^-y-?»zK^m^i®M (34) ttii7ktt©jire 
a&sdts^stt-rssi^ i~ i 6an>-rn#> i -DizmmcDmnmnLmmmm: 

1 8. Wi3Xlz^$LnZ&m%*i&m2-&2>7kM%m7&l& (3 4) (2;*;b*>B£5.t 
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19. 35 2 MSP (3 6), (3 7 ) ©Tk^fuiMt (38) {±07K^^^?LMT 

fe^^h^^^-r^^AfcJie, 8, ik 13, i sxii i eizmmcDmnm 

2 0. ^2SnrISP (3 6), (3 7) (DTkM^mmm (3 8) tetf U r- h ^ 7^;* 

^h-r^ii^ii6, 8. ik i 3 S i sxii 1 6 izmmcDmnm^mmm^ 
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